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Abstract 
Tomato (Lycopersicum esculen/um Miller) is one of the most impOltant winter vegetable 
crops in Bangladesh. To meet the increasing demand of tomato in Bangladesh, it is necessary 
to develop new varieties adapted to various abotic and boti c stresses. To achieve high yield 
potentia l and wide adaptab il ity, ti ssue culture may playa role. For this, it is necessa ry to 
investigate the effect of growth regulators on shoot induction and plant regeneration in 
tomato . In thi s study four locally grown tomato (Lycopersicon esculen/um Mill.) varieties, 
namely, BrNA-3, BAR I-3, Bahar, Maple and one Indian commercial variety, Pussa Rubby 
(PR) were selected to observe the effects of growth regulators on plant regenerat ion in tomato . 
Coty ledonary leaf exp lants of tomato were co ll ected from 8- 10 days o ld in vi/ro germinated 
seed lings. Different concentrat ions and combinations of growth regulators were added to MS 
media to observe shoot init iation and root induction. Among all the combinations, MS media 
contain ing 1. 5mg/1 BAP and 0.2mg/1 IAA showed best result with lowest ca llus formation 
and increased number of shoot in a ll the varieti es . In thi s medium the best response was fou nd 
for Maple (93.33 %) fo ll owed by Pussa Ruby (86 .67 %) and for the other varieties such as 
BAR I-3 , BI A-3 and Bahar gave a lmost similar response to that combinati on of the medium . 
The survival response of a ll vari eties was in between 80 % to 90 %. Among the varieties, 
Map le showed the best survival response which was a lmost 90 % while BINA -3 showed the 
surviva l response of almost 80 %. Among all the varieties, BrNA-3 showed highest number of 
fruits per plant wh il e BINA-3 and BARI-3 showed highest average number of seeds per fruit. 
Viabi lity response of a ll the five variet ies was in between 75 % to 82.5 %. Among the 
varieties. BINA-3 showed the best viab il ity response which was almost 82.5 % while Map le 
showed the viabi li ty response of almost 75 %. Finall y thi s study has shown that 1.5 mg/ I BAP 
with O.2mg/1 IAA contain ing MS med ia is better for shoots induct ion and 0.2mg/1 IAA 
containing y, stren gth MS media showed best response to root format ion for a ll the five 
varieties. Each experiment was conducted three times (n=3). Regeneration percentages were 
ana lyzed by usin g SPSS vers ion 16 and significant differences among means were assessed 
by the Duncan test (P <0.05). 
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Chapter-l 
INTRODUCTION 
Introduction 
Tomato is one of the most important winter vegetab le crop 111 Bangladesh. The scientifi c 
name of thi s plant is Lycopersicum esculenlum Miller belongs to the fami ly of Solanaceae. It 
was originated in South America and spread around the world fol lowing the Span ish 
colonization of the Americas. The cultivated tomato is a short-l ived d iplo id (2n =2x =24) 
dicotyledonous annual plant, typ ically grown to 1- 3 meters (3- 10 ft) in height. The leaves 
are 10- 12 cm long with 5-9 lea fl ets, each leaflet up to 8 cm long. The fl ower is 1-2 cm 
across, ye llow with five pointed lobes on the coro ll a. The fruit is an ed ible, bright co lored 
(usua ll y red, . from the pigment Iycopene) berry, 1-2 cm diameter in wild plants, commonl y 
much larger in cultivated fo rms ( Islam, 2007) . 
Tomato has achieved tremendous popularity over the last century and it is grown in a lmost 
cvcry country of the world . It is the second most important vegetable crop in the wo rld after 
potato (Bhatia el 0/. , 2004; Foolad, 2004). Tomato is consumed in many form s, such as, raw 
vegetab le, added to other food items or as processed products such as paste. whole pee led, 
d iced, ju ice. sauces and soups (Khoudi e/ 01., 2009). About 130 million tons of tomatoes 
were produced in the worl d in 2008 (http ://en.wiki pedia.orgiwi ki/Tomato# Modern_ uses_of_ 
tomatoes; dated: 114/201 I) . Acco rding to report published by Food and Agriculture 
Organi zation (FAO) of the United Nations (2008), the top producers of tomatoes were China 
(338 11 702 ton), USA ( 12575900 ton ), Turkey (10985400 ton), India ( 10260600 ton) and 
Italy (59769 12 ton) . 
Tomato is a lso good for we ight loss, obes ity, eye di sorders, night blindness, urinary tract 
infecti on, li ver disorders, ind igestion , constipation, diarrhea and di abetes (www.pyroenergen. 
com/ .. .ltomatoes-medicina l-properties. htm, dated 1/4/20 I I). Tomato has detoxi fi cati on effect 
in the bod y. According to World Hea lth Organ izati on (WHO) report (2009), 5 1 mg of 
chlorine and II mg of sul fu r in 100 grams size of tomato have a vi tal ro le in detoxificati on 
process . Tomato is a good source of ca lcium and iron . It al so contains some amounts of 
phosphorus, sulphur and potass ium. Tomato is rich in vi tamin C ( 19. lmg), vi tamin B (0 .059 
mg), vitamin A (623 I. U) and is also cholestero l free (USDA Standard Reference Release 13 
Nov , 1999) (Block el 01. , 1992; Gerster, 1997; Rao and Agarwal , 2000) . 
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In Bangladesh, the demand of tomato is increasing day-by-day in the agro. and food 
industries. It is culti vated allover the country due to its adaptability to wide ran ge of so il and 
climate (A hamed el al. , 1995) . The cult ivated area under tomato in Bangladesh was 17,8 13.8 
hectares, tota l production was 1,20,000 metric tons havi ng an average yield of6.7 metric tons 
per hectare (BBS, 20 I 0) . 
Tomato has achieved tremendous popu larity. To meet the increas ing demand of tomato In 
Bangladesh, it is necessary to develop good varieti es with nutritional qua li ty, hi gher yield 
potent ial and wide adaptability. Even after producing new varieti es, generation of tomato is 
severe ly hampered due to di sease infestation. In tota l there a re more than 200 pathogens that 
infect tomato crop (Watterson, 1986) . 
Tomato prod ucti on in our country is hindered by various pathogens inc lud ing fun gi, viru s 
and bacteria . The major tomato viruses are Tomato Mosa ic Virus (ToMV), Tomato Leaf Curl 
Virus (TLCV), Curly Top Virus (CTV), Tomato Ye llow Top Virus (TYTV) and Cucumber 
Mosa ic Virus (CMV). Vi ra l di sease reduces plant vigor and yicld potcntia l of fruit to a 
considerable extent (Jones el al. , 199 1). The di seases that are caused by bacteria inc lude 
bacterial cankcr by Corynbaclerililn michiganense, bacteria l speck caused by Pseudomonas 
.Iyringe and bacteria l wi lt caused by Ralsloni solanacearu. The ma in fun ga l di seases that 
a ffect th e production of tomato are Vertici llium (Verticillium dahlia) wi lts and powdery 
mildew caused by Leveillula laurica. earl y and late blights caused by Alternaria solani and 
Phyloplhora injestants, respectively. anthracnose caused by Collitotrichum pholl1oides. 
Tomato product ions are a lso damaged by many pests from the first emergence till harvest. 
Among them Aphids, Flea beetles, Leafm iners, Spider mites etc create problems to plant bed 
tomatoes wh ile Flea beetles, Aphids, Leaf miners, St ink bugs and fruit worms cause fo li age 
damage in the field. But their fru it damage and di sease spreading prob lems can be very 
serious (Raj et aI. , 2005) . 
Diseases infestation is mainl y contro lled throu gh app li cation of chemica ls which somet imes 
reaches the leve l of tox icity. So, now it is ev ident that improvement of thi s crop is an 
essenti a l task to overcome the constraints of tomato production. Conventiona l breeding 
methods were tri ed to develop the characters of agronom ic im portance in tomato, but it was 
not so success ful because of hi gh degree of se lf po ll ination and non-ava il abi li ty of suitable 
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wild germplasm. Bes ides this, conventional breeding method takes long time, extending over 
seven to e ight years in vo lv ing c rossing and se lect ion of desirable traits. 
Except sex ual breed ing techniques, there are al so some processes of creating variability 
inc luding induct ion of somaclonal variation through ti ssue cu lture, somatic hybridi zation and 
geneti c eng ineering. Ti ssue culture techniques can playa signifi cant role for enrichment of 
genetic variabi lity by c reat ing variati on (somaclona l variati on) or mutation (by appl ying 
radiation or chemical mutagens to in vilro cultured p lant materia ls) at an unexpected ly hi gh 
rate and may be novel sou rces of geneti c variability in many pl ant spec ies (Scowcroft el al. , 
1987). But these were found to have limited applicatio n in many crop spec ies (Islam, 1998). 
Tissue cultu re techniques have several advantages over traditional propagation methods. The 
app li cation of in vilro techniques provides unique possib il iti es for overcoming the barriers of 
incompatibility ex isting between remote species and has facilitated rapid introd uction of new 
varieties. The regeneration of plants by ti ssue culture method is an important and essential 
component of biotechno log ica l research and a lso required for genet ic manipulation. A breed-
ing program assoc iated to b iotechno logica l tool s depends upon the development of an 
efficient in vilro plant regeneration system (Hosseini el al .. 2006). 
Tomato is cons ide red to be a model species for introduction of agronom ica ll y important 
genes in to dicoty ledonous crop plants (Wing el al., 1994). The most frequentl y used way of 
regeneration in tomato is v ia shoot organogenesis from callus developed from leaf or 
coty ledon exp lants or directly fi'om thin ce ll layers of the innoreseence (Compton and 
Vcilleux , 1991). 
In vilro plant regeneration of tomatoes using protocols for adventit io us shoot regenerat ion 
from cotyledon segments has been reported (vanRoekel el al. , 1993). The system IS as 
fo ll ows: a bud induct io n phase. culturing the explants in medium supplemented wit h 
cytok inin (Compton and Gray, 1993); an e longati on phase, transferrin g the shoot buds to 
mcd ium with a lower concentrat io n of cytokinin (Dong and 1ia, 199 1) ; and a rootin g phase, 
us ing a culture med ium supplemented wi th auxin (Compto n and Gray, 1994; Abu El-Heba, 
2004). 
TOl11ato regenerati on has been previously reported via organogenesis in several articles using 
di ITerent ex plants. such as, leaf (McCormic el al., 1986; Gaffer, 1997; Oktel11 el al. , 1999; 
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Ka rtha el 01. , 1976. and Pad manabhan el 01., 1974), meri stems (Mirghi s el 01. , 1995), stems 
and anthers (Zam ir el 01. , 1980), hypocotyls (O hki el 01., 1978). In add it ion, (Pozueta-
Romero, el 01 .. 200 I) regenerated shoots of three tomato cu ltiva rs after 14 days from the 
hypocotyl after removing the primary and ax ill ary meristems (G hada A el 01. , 2008). 
The hormones, aux ins and cytokinins contro l plant deve lopment through a multitude o f 
complex interactions. The ba lance between auxi ns and cytok in ins control s the fo rmat ion of 
roots, shoots, and ca llus ti ssue in vilro (DeRopp, 1954; Skoog and Mi ll er, 1957). The mode 
of interaction between aux ins and cytokinins can there fore be synerg istic, antagoni stic, o r 
additi ve and is dependent on the type of tissue and on the plant species in which the 
in teracti on occurs. A lthough the molecul ar mechani sms underlyi ng most of these auxin-
cytok in in interaction s are unknown, they are thought to include mutua l contro l of auxin and 
cytokinin metabo lism, interactions in the contro l of gene expression, and post-transcriptional 
interact ions (Coenen and Lomax, 1997) . Since th e pioneering work, zeatin has been widely 
accepted as the on ly cytokin in capable of inducing sati sfactory growth in tomato cxp lants 
(Jabeen el 01. , 2009; A ileen O 'Connor-Sanchez el 01., 20 10). Se lective shoot regenerati on 
med ium (S RM) conta ining Myo-inosito l, Vitamins and Zeatin showed increased shoot 
regeneration from the cotyledons (A hsan el 01. , 2007) . Coconut water (CW) and BAP 
success full y rep laced zeatin in o live micropropagation (Peixe el 01., 2007). C W had been 
reported in other im portant crop micro propagation, such as, monopodia l o rchid hybrid 
Aranda deborah (Lakshmanan el 01. , 1995), legume crop and Arachnis labrosa 
(Temjensangba and Deb, 2005) and also in monocots li ke maize (Baskara n el 01. , 2006) and 
suga rcane (Desai el 01., 2004 ; Amber el 01. , 20 10). Wh ile workin g with Bangladeshi tomato 
va ri eti es, good ca ll us was obtained by Begum and Miah ( 1993) using leaf exp lants of two (E-
6 and S- I) strai ns of tomato on MS medium supplemented with 2 mg/ I IAA and 2 mg/I 
kinetin . But using Indian va ri ety (Lycopersicon esculel1lum cv.PKM. I), .Iawa har el 01. , 
( 1997) induced ca llus from hypocoty ls of tomato on MS medium supp lemented wi th 2 mg/I 
IAA and I mg/ I BAP and after subcul ture in the same med ium they got good shoot 
prol iferat ion. 
Ma ny d ifferenti ated shoots and shoot primord ia were visib le on pnmary leaf exp lants 
whereas, it was observed on ly a hi gh rate o f callus pro li ferat ion and formation of roots in the 
case of cotyledon ex plants. Primary leaves were three times more e fficient th an cotyledons 
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in terms o f percentages of regeneration productiviti es (P) when ca lcul ated for both types of 
ex plants and were fo und: 0.64 for primary leaves and 0. 15 for cotyledons. Although many 
shoot primordial were initi ated on cotyledon explants, only few normal plants were 
recovered (4 out o f 170 cotyledon ex plants), hence primary leaves were used as ex plant. 
Zeatin at I mgll for shoot regeneration and 0.2 mgl l For shoot elongation combined with 0. 1 
mg/l IAA gave the best results in terms of regeneration percentages, prod uctivity and 
morph olog ica l qua lity o f th e regenerated plants compared to the medium containing BAP 
and IAA (K houdi et 01. , 2009). 
Thi s similarity of hormonal supplements indicates that the overa ll ho rmonal demand is same 
fo r th e tomato plants. In vitro regenerati on th rough organogenesis and somatic 
embryogenesis can be used fo r multipli cati on of geneti ca lly identi ca l clones and it is an 
integral part o f' genetic t rans f'o rmati on procedures . The in vitro morphogenetic responses of 
cultured plants are a ffected by d ifferent components of the culture media and it is important 
to eva luate thei r e lTect on plant regenerati on. A lthough advances are being made toward 
better understanding o f metabolic processes correlated with regeneration, determining of the 
conditions Fo r i,1 vitro plant regeneratio n is still large ly an empiri ca l process. Thus, in vitro 
regenerati on can be di ffi cult to achieve for some plant spec ies or parti cul ar genotypes within 
a spec ies. Somatic embryogenes is in tomato is still at its in Fancy, and e ffi c ient procedures fo r 
large-sca le producti on via somati c embryogenes is a re yet to be deve loped (Bhati a et 01., 
2004). 
Very li tt le studies have been attempted in Bangladesh on in vitro regenerati on protoco l 
development on d ifferent crops (Islam el 01., 2000). In additi on to thi s there are very few 
reports ava il ab le on Bangladeshi tomato vari eti es (Begum and Mia, 1993; Is lam, 2007; 
Chowdhury, 2008). 
Objectives of the present study 
Considering the importance and potential of tomato producti on in Bangladesh and to 
overcome the obstac les for improvement of thi s crop, the aim and object ive of the study was-
A Estab li shment of in vitro regeneration methodology following eva luat ion the effect iveness 
of va ri ous plant growth regul ators. 
A Analysis the vari etal response toward different hormonal supplements to observe effect of 
genotype. 
A Observe th e reproducibility of the regenerants to estab li sh a germli ne, wh ich will 
specifica ll y be usefu l during transgenic development. 
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Chapter-2 
MATERIALS 
Materials 
2.1 Plant materials 
Five veriti es of tomato seeds were used for this research work. They are: BINA-3, BAR I-3 , 
Bahar, Pussa Rubby and Map le. The co ll ection areas of these varieties are as fo ll ows: 
I) BINA-3 and Bahar: Collected from Bangladesh Agri cultura l Un iversity (BAU), 
Mymensingh. 
2) BARl-3: Co ll ected from Bangladesh Agri cultural Research Institute (BA R I), 
Gazipu r. 
3) Pussa Hubby: Co ll ected from Lal Teer Seed Com pany, Dhaka, Bangladersh. 
4) Maple: Col lected from Map le Agrobus iness Company, Dhaka, Bangladersh. 
The important characteristics of these varieties are as follows: 
2.1.1 BINA-3 
It is a summer variety that was formed by the cross between Bahar and S I mutant by 
rad iat ing ga mma ray (Hamid. 2004). Th is summer variety was released in 1997 by the 
Nationa l Seed Board. The plant height is 80-85 cm and leaf is cu rl shaped and light green. 
fruit number/plant is 12- 14. The average we ight of Fruit is 82 gm and yie ld rate is 38-42 
ton/ha and vi tamin-C content is 19.5 mg/ IOO gm. Its fruit s ize is small and taste is sour. It 
requires 60-65 days maturing after transplantation. Maximum fruit y ie ld is 48 ton/ha (av. 40 
ton/hal (Dutta, 2004). 
2.1.2 BARI-3 
This vari ety was re leased in 1996 by the Bangladesh Agricultural Researc h Institute (BAR I) 
Gazipur, Bangladesh. Fruits are fle shy, semi-globe and red in color. Number of fruits/plant is 
about 28-30 and average fru it we ight is about 85-90 gm. Yield is 2-2.5 kg/plant and 85-90 
ton/ha. 
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2.1.3 Bahar 
Thi s va ri ety was developed by Bangladesh Institute of N uc lear Agriculture (BrNA) throu gh 
the cross between ·'Anobic'· and "Ocshelt" . The variety was re leased by the Nati onal Seed 
Board in 1992. It is medium height with 80-85 cm and determinate. Frui ts are big and 
average weight is 110 gm and yie ld rate is 60-70 ton/ha, fruit s are tasty with red colored, its 
v itamin-C content is 2 1. 19 mg/ IOO gm. Maximum fruit y ie ld is 75 ton/ha (av.65 ton/hal 
(D ulla,2004) . 
2.1.4 Pussa Hubby 
Thi s va riety was released by International Agricultural Research Institute ( IARI ). New De lh i, 
Ind ia. Plants a re erect in nature. Fruits are medium s ized and red in co lor. Thi s va riety is 
suitable for sprin g-summer and autumn-summer seasons. Yield capacity is 32.5 ton/ ha and 
fi·uitin g time is 65-70 days after planting. 
2.1.5 Maple 
It is a hi gh yie ld ing tomato variety deve loped by Maple Agrob usiness Company, Dhaka, 
Bangladesh. Plants a re med ium sized and sowing time is autumn-winte r. Fruits a re round 
shaped with red co lored and conta in hi gh defense quality against pathogens. Fruits a re 
co llected within 90-95 days a fter plantation with average weight o f 90- 1 00 gm and fruitin g 
capac ity is 20-25 ton/acre. 
2.2 Different culture media 
Differcnt cu lture media were used for thi s present experiment which is as fo ll ows: 
2.2.1 Sced ge rmination and seedling development medium 
MS basa l (M urashi ge and Skoog, 1962) media so lidified with Ph ytage l were used for seed 
germination and seedlin g deve lopment. 
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2.2.2 Rcgenemtion initiation and shoot differentiation media 
Cotyledonary ex plants co ll ected from seedlin gs were cultured on modifi ed MS medi a wi th 
d iffe rent concentrati o ns and combinati ons o f vari ous growth regul ators (A uxins and 
Cytokinins) Fo r regenerati on of shoot. A fter shoot initi ati on same media was used as 
subculture media fo r shoot e lo ngati on and mUlt ipli cati on. 
2.2.3 Root induction media 
Half strength o f MS basa l medi a suppl emented w ith di fferent concentratio ns and 
combinati ons of Auxins, namely, NAA, IA A and IBA were used for root inducti on and 
deve lopment. 
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Chapter-3 
METHODS 
Methods 
For seed germination and seedling development, regeneration in itiati on and shoot 
differenti ation, elongation and for root initiation different types of media were used. 
3.1 Preparation of stock solutions 
As the first step. different stock solutions were prepared fo r the preparation of MS media. 
The various const ituents, namely, macronutrients and micronutrients, vitamins, plant growth 
regul ators etc. of the med ium were prepared into stock solutions for ready use during the 
preparation of med ium . 
3.2 Stock so lution A (Macro nutrients) for the MS medium 
Thi s stock so lution was prepa red in such a way that its strength was 20 times more than the 
final strength of the med ium in 500 ml di stilled water. For thi s purpose, 10 times the wei ght 
of different salts required for I litre of medium were weighted correctl y. Then the sa lts were 
sequentia ll y di sso lved one afte r another in a 500 ml volumetric fl ask with 350 ml of d istill ed 
,·vater. The fina l vo lume of the so lution was made upto 500 ml by fu rthe r add ition of d istilled 
water. The solut ion was filtered through Whatman 0. 1 filter paper to remove al l the so li d 
contaminants like dust, cotton etc. and was poured into a clean plasti c container. After 
labe ling, the so lution was stored in a refri gerator at 4°C lor several weeks. 
3.3 Stock so lutions B (Micro nutrients) for MS medium 
For thi s constituent of the medium two separate stock so lutions were prepared . 
3.3.1 Stock solutions Bl (All Micro nutrients except Iron) for MS medium 
Th is part of th e stock so lution was made with a ll the micro nutrients except FeS04.7H20 and 
ae-EDTA. Thi s was made 100 times the final strength of necessary components in 500 1111 
of di still ed water as described for the stock so lution (Macro nutri ent). The soluti on was 
filtered and stored at 4°C for several weeks. 
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3.3.2 Stock solutions B2 (Iron chelate solution) for MS medium 
The second so lution was made 100 times the final stren gth of FeS04.7H20 and Na2-EDTA in 
500 1111 di still ed wate r in a conica l fl ask and heated slowly at low temperature until the sa lts 
were d isso lved complete ly. Finall y th e solution was filtered and sto red in re fri gerator at 4°C 
for severa l weeks. 
3.4 Stock solution C (Organic constituents) for MS medium 
It was a lso made 100 times the fina l strength o f the med ium in 500 ml o f di still ed water. This 
so lution was a lso fi Itered and stored at 4°C fo r future use. 
3.5 Stock solution for growth regulators 
The fo ll owing growth regulato rs were used in thi s experiment : 
3.5.1 Auxin 
In do le-3-aceti c ac id (f AA) 
Indo le-3-butyri c acid ( IBA) 
A Ipha-naptha lene acetic acid (NAA) 
3.5.2 C ytokinin 
6-Benzylaminopurine (BAP) 
The growth regul ators were di ssolved in appropriate so lvent as shown aga inst each of th cl11 . 
Growth Regulator So lvent 
IAA IN AOH 
IB A IN NAOH 
NAA IN NAOH 
BA P INN AOH 
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To prepare anyone of the ment ioned hormonal stock so lution , 20 mg of the horm one was 
placed on a c lean pl astic we ight ing boat and d isso lved in I to 2 ml o f respecti ve so lvent. The 
mi xture was then washed o ff w ith d istill ed water and collected in a 200 ml measuring 
cy linder. It was th en made up to 200 m l with the additi on o f di st illed wate r. The so lution was 
fi ltered and poured into a c lean plastic contai ner and stored in a refrigerator at 4°C fo r future 
use. 
3.6 Prepara tion of MS medium 
To prepare one lite r of MS medium, the fo llowing steps are carri ed out : 
I) For the preparation of MS medium, 30 gm o f sucrose was di sso lved in 500 m l of di sti ll ed 
water in a vo lumetric fl as k. 
2) 50 ml of stock so lution of A, 5 m l o f stock so lut ion of Band C were added into 500 ml 
d isti ll ed water and were mi xed well. 
3) 100 mg of myo-i nosi to l (S igma, USA) was added to th is so lut ion and were d isso lved 
completely. 
4) Fo r obtaining d ifferent req uired concentrati ons, various hormonal supplements were add ed 
to th is so luti on ei ther indi vidua ll y o r in combinations and were mi xed thoroughly. Since each 
of the horm onal stock so lution conta ined 20 mg of the chemica l in 200 ml o f the so lutio n, the 
additi on of 10 ml of any hormonal stock so lution to make I li tre o f mediu m resulted I mg/I 
concentrati on o rthat ho rm onal supplements. 
5) The whole mixture was then made up to I liter w ith further additi on o f d ist illed water. 
6) The pH of the medium was adjusted to 5.8 using a d igita l pH meter (J EN WA Y -30 I 0, UK) 
with the help o f IN NaOH or IN HCI, wh ichever was requ ired. 
7) To so lidify 0.3 g (at 3%) ofph ytage l (S igma, USA) was add ed to th e des ired med ium . 
8) To disso lve ph ytage l (so li di fy ing agent), the whole mi xture was qui ckl y heated in a 
microwave oven (Emerson, Korea) . 
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3.7 Medill s ter iliza ti on 
The culture vesse ls like test tube or coni ca l nasks etc. were fill ed with fi xed vo lume of media 
and plugged with non-absorbent cotton and covered with alumi num fo il and then marked 
wi th a g lass marker to ind icate necessary supp lements. The culture vesse ls were th en 
autocl aved (Eye la Autoclave MAC-50 I, Japan) at 15 lb/sq. inch. pressure at 12 1°C 
temperature for 20 minutes. 
3.8 Steriliza tion of seeds 
Seeds were immersed in 70% ethanol for 2 min fo ll owed by 5.25% co lorx. After that seed 
we re treated with Tween-20 (2 Drops) and shaken continuously for 20 min. Seeds were 
washed with d istill ed water for 5 times respecti ve ly ( 1,2, 4, 8 and 10 min). Seeds we re then 
kept in Shaker (Eye la, Singapore) at 28°C with 180 rpm for 48 hr. 
Afte r 48 hr, seeds were taken out from shaker and kept in so li d ifi ed Germination Media (MS 
basal Med ia) under light and dark condition of (6+8) hr at 25°C ± 2°C for germinati on. 
3.9 Regene ration 
From 7-8 days o ld seedlings coty ledonery lea f ex plants were col lected and placed on MS 
media supp lemented with vari ous hormonal supplements. Cultures were kept un der 
nuorescent li ght with 25 - 27°C. Each experiment was conducted for three times (n=3). 
Regeneration percentages were analyzed by using SPSS version 16 and signifi cant 
differences between means were assessed by the Duncan test (P <0.05). 
3.10 Precautions to ensure aseptic conditions 
A ll inocul at ion and aseptic manipulat ion were carried out III a Laminar Air Flow Cab inet 
(ESCO; class 2, Type R/B3 Biohazard Safety Cabinet, Singapore) . The cabinet was switched 
on for at least 50 minutes before use and cleaned with 70% a lcohol to overcome the surface 
contaminati ons. 
The instruments li ke sca lpels, fo rceps, inoculation loop, Petri di shes, Micro-pipette tip etc. 
were sterili zed by stem sterili zati on method. At the time of inocul ation, these instruments 
were agai n sterili zed by naming method inside the cabinet. After autoc lavi ng medi a were 
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po urcd ins ide th e cabinet. A ll measures were taken to o bta in max imum contaminati on free 
cond ition d uring the surg ica l operati on of th e ex pl ants. 
3.11 Subculture 
Regenerated cul tures were subcultured to fres h med ia co nta ining th e same hormonal 
suppl ements fo r further pro liferatio n and deve lo pment. Subculture was perform ed regul arl y 
at an in terva l o f 25 days fo r ma intenance. Cultures were routine ly examined fo r di ffe rent 
morphogen ic development. 
3.12 Rooting 
We ll deve lo ped shoots about 2-4 cm long were placed individua ll y in test-tube conta ining 
rooting med ia to obta in sufficient root formati on. 
3.J3 Tra nsplantation 
Regencrated plantl ets w ith suffici ent roots (7- 10 cm in length) we re considered to trans fe r in 
the so il. Bcfo re tra nsfer in the so il rooted plantlets were kept into room temperature (30±2°C) 
for 5-7 days for acc limatizat ion. After proper hardening, plantl ets were taken out from the 
test tu bes. washed care full y under running tap wate r to remove any traces o f agar. Each 
plantlet was transferred into sma ll plastic pot contai ning garden so il , sand and compost at the 
rati o of I : I : I and kept ins ide a moist plastic bag fo r 2 weeks. Fina ll y bags were removed and 
p lants wcre placed in net house fo r nower and fruit fo rm ati on. 
3.14 Seed viability test 
Seeds were co llected from ripen fruit and sun dri ed. Seeds were counted and th en sterili zed 
accord ing to 3.8 and placed in culture room to observe v iabi lity thro ugh germ inat ion 
responsc. 
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Chapter-4 
RESULTS 
Results 
In the present study, cotyledonary leaf exp lants of tomato varieties viz. BINA-3 , BARI -3, 
Bahar. Maple and Pussa Rubby were co ll ected from 7-8 days old in vitro ge rmination 
seedl in gs . The effects of hormonal treatments, viz. cytokinins and auxins were observed on 
in vitro shoot pro li feration and root induction. The results obtained from each of the 
ex perim ents are described in detail s under the following heads: 
4.1 Effect ofsterilizatioll 011 in vitro germination of seeds 
Seeds were surface sterili zed and were shaken for few hours before plac ing on germination 
med ium and incubated in dark. After germination seed lings were a ll owed to develop under 
li ght. It was observed that a ll the five varieties took 7 to 8 days to atta in optimum seedlin g 
stage to collect coty ledonary leaf to use as explants. Among the five varieties, BINA-3 
showed the hi ghest rate of germination with 96.25 % followed by BARI-3 (93 .75%) (Figs.l -
5). However, other varieties a lso showed very good germ ination response. This response was 
similar throughout the year indicating prolonged viability of the varieties. 
Table-I. Germination response of seeds of five varieties towards seed ling development using 
ge rmination medium. 
Varieties No. of seeds ge rminated Germinat ion rate (%) 
BARI-3 75 93.75 
BINA-3 77 96.25 
Pussa Rubby 74 92.5 
Bahar 74 92.5 
Maple 72 90 
Note: MS Media was used for germmatlOn and a total of 80 seeds were used for each vanety. 
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4.2 Multiple shoot regeneration res ponse of BAR1-3, BINA-3, Pussa Rubby, Bahar and 
Maple varieties towards different concentrations of BAP and 1AA in MS medium. 
MS med ium supplemented with d ifferent concentratio ns of BAP ( 1.0- 3.0 mg/ I) along with 
various concentrations of IAA (0. 1-0.5 mg/ I) were used for inducti on of multiple shoots 
using coty ledonary lea f ex plants. The average time for shoot bud in itiat ion in all the vari eties 
was 28 to 30 days. Results of thi s experiment are presented in Tab les 2-6. It was fo und that 
BAP with IAA had a positi ve effect towards shoot regenerati on. The eight horm ona l 
combi natio ns were used for regenerat ion during thi s experiment. 
4.2.J Effect of different concentrations and combinations of BAP and l AA for BARJ-3 
va riety 
For shoot regenerati on, the best regenerati on response (83.33%) was fo und in med ia 
composit ion T3 ( 1. 5 mg/I BAP with 0.2 mg/ I IAA) (Fig. 6) fol lowed by 80% in med ia 
compos ition T2 ( 1.5 mg/I BAP with 0.1 mgll IAA) in BARI-3 (Tab le 2). Ca llus development 
was observed in th e medium hav ing 3 mg/I BAP and 0.1 mg/I IAA (T8). Further increase of 
IAA showed delete ri ous effect. BAP supplements also showed similar negati ve effect. 
4.2.2 Effect of different concentrations and combinations of BAP and IAA for BINA-3 
va riety 
In case of BINA-3, for shoot regeneration, the best regenerat ion response (83.99%) was 
fo und in T3 media ( 1.5 mg/I BAP with 0.2 mg/I IAA) (F ig. 7) fo llowed by T4 med ia 
composition ( 1.5 mg/ I BAP with 0.5 mg/ I IAA) (Table 3). G rowth media T6 (2 mg/I BAP 
with 0. 1 mg/ I IAA) showed the lowest shoot regenerati on and growth medi a T8 (3 mg/ I BAP 
and 0.1 mg/ I IAA) showed ca llus formatio n in the medium. Increase of IAA with BAP-2 
mg/I showed positi ve effect. 
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4.2.3 E ffect of diffe rent concentrations and combina tions of BAP a nd IAA fo r Bahar 
va ri ety 
The variety Bahar a lso showed the best regenerat ion response (83 .33%) in media 
compos ition T3 ( 1.5 mg/I BAP with 0.2 mg/I IAA) fo llowed by 80% in T2 med ia ( 1.5 mg/I 
BAP with 0. 1 mg/I IAA) (F ig. 8) and T4 ( 1.5 mg/ I BAP with 0.5 mg/I IAA) (Tab le 4). 
Growth media T8 (3 mg/ I BA P with 0. 1 mg/I IAA) showed the lowest shoot regenerat ion 
with ca llus fo rmation. With increase of IAA along with BA P ( 1.5 mg/I) showed negative 
effect. In case of 2 mg/ I BA P, increase of IAA showed s imilar de leterious effect. In crease of 
BA P supp lements showed same negat ive effect. 
4.2.4 Effect of different concentrations a nd combina tions of BAP a nd IAA fo r Pussa 
R ubby vari ety 
In case of Pussa Rubby, the best regeneratio n response (86.67%) was observed in T3 ( 1.5 
mg/I BA I' with 0.2 mg/ I IAA) (Fig. 9) med ium fo ll owed by 80% in T I med ia ( I mg/ I BAP 
with 0.1 mg/I IAA) (Tab le 5). Growth med ia T8 (3 mg/I BA P with 0. 1 mg/ I IAA) showed the 
lowest shoot regenerat ion. Callus fo rmation was a lso fo und in that med iu m. Increase of IAA 
alo ng with BA P ( 1. 5 and 2 mg/I) showed de leteri ous effect. Increase of BA P supp lements 
a lso showed de lete ri ous effect on shoot regeneration. 
4.2.5 Effect of different concentrations and combina tions of BAP a nd IAA for Maple 
va ri ety 
Regeneration response of the Map le vari ety was fo und to be the best fo r shoot regenerat ion 
(93.33%) in 1'3 ( 1.5 mg/I BA P with 0.2 mg/I IAA) (F ig. 10) med ium fo ll owed by 80% in 
med iu m T I ( I mg/ I BA P with 0 .1 mg/I IAA) (Tab le 6). With the increase of IAA along with 
BA P ( 1.5 and 2 mg/ I) showed de leteri ous effect on in vitro response was observed. 3 mg/I 
BAP with 0. 1 mg/ I IAA (T8) and 2 mg/ I BAP with 0.5 mg/I IAA (T7) showed the lowest 
shoot regene ration whil e BA P at 3 mg/I in MS med iu m supported ca llus deve lopment. A lso 
increase of BAP supp lements showed similar deleterious effect on shoot regenerat ion. 
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Ta ble 2. Shoot regeneration response of BAR I-3 variety towards va rious concentrat ions and 
combinations ofBAP and IAA in MS med ia. 
No. of Days Tota l Wel l 
Shoot bud requ irement number deve loped 
Treatments BAP IAA Regenerat ion deve loped for shoot of shoots shoots/ (mg/ I) (mg/ I) rate (%) (after 28 e longation developed exp lant 
days) (days) (after 80 (after 80 
days) days) 
1'1 I 0. 1 66.67±2.3a 9 64 20 5 
1'2 1.5 0. 1 80± 1.58c 7 66 24 5 
T3 1.5 0.2 83 .33±5. 1 b 10 62 25 6 
T4 1.5 0.5 76.67±2.45d 8 65 23 4 
T5 1.5 I 70± 1.1 ge 7 63 2 1 3 
T6 2 0. 1 60±2.38f 6 65 18 4 
T7 2 0.5 60± 1.57f 8 69 IS 2 
T8 0 0. 1 66.67±3.27a 6 64 20 0 J J 
Note: Tota l number of exp lants was 30 111 all treatments . Va lues are expressed as means ± SD 
(n=3); va lues with in the co lu mn with the same superscript are not significantly different (P 
<0.05). 
Table 3. Shoot regeneration response of BINA-3 variety towards various concentrat ions and 
combinations of BAP and IAA in MS media. 
No. of Days Tota l We ll 
Shoot bud requirement number deve loped 
Treatments BAP IAA Regenerat ion developed for shoot of shoots shoots/ (mg/ I) (mg/ I) rate (%) (after 28 elongation developed exp lant 
days) (days) (after 80 (after SO 
days) days) 
TI I 0.1 67.S2±2.S2a S 65 22 4 
1'2 1.5 0. 1 79.76±2.25c 7 66 23 0 J 
T3 1.5 0.2 S3 .99±3.2 1 b I I 63 26 6 
1'4 1.5 0.5 76. I 7±2.67d 8 65 25 2 
T5 1.5 I 69.93±4.9Sae S 68 22 2 
T6 2 0.1 59.62± 1.57f 7 65 18 0 J 
T7 2 0.5 60.2S±3.2 1 g 6 70 19 2 
TS , 0.1 67.57± 1.09a 6 72 19 2 J 
Note: Tota l number of exp lants was 30 111 all cases . Values are expressed as means ± SD 
(n=3); va lues within the co lumn with the same superscript are not sign ificant ly different (P 
<0.05). 
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Table 4. Shoot regeneration response of Bahar variety towards various concentrations and 
combinati ons of BAP and IAA in MS med ia . 
No. of Days Tota l Well 
Shoorbud requ irement number deve loped 
Treatments BAP IAA Regeneration developed for shoot of shoots shoots! (mgll) (mg!l) rate (%) (after 28 elongati on developed explant 
days) (days) (after 80 (after 80 
days) days) 
T I I 0 .1 76.67±6.23a 9 69 23 2 
T2 1.5 0. 1 80± 1.25b 10 74 24 2 
T3 1.5 0.2 83 .33±2.34b I I 73 25 4 
T4 1.5 0.5 80± 1.11 b 10 73 24 , ~ 
T5 1.5 I 73.33±0.29c 8 7 1 22 3 
T6 2 0.1 66.67±0.57d 8 66 20 , ~ 
T7 2 0.5 60±0.67e 7 77 18 2 
T8 3 0. 1 50± 1.87f 8 75 15 , ~ 
Note: Tota l number of ex plants was 30 111 all cases. Values are expressed as means ± SO 
(n=3); va lues wit hin the co lumn with the same superscript are not s ignificantly d ifferent (P 
<0.05). 
Table 5. Shoot regeneration response of Pussa Rubby variety towards various concentrat ions 
and combinations of BAP and IAA in MS media. 
No. of Days Tota l Well 
Shoot bud requirement number deve loped 
Trcatments BAP IAA Regeneration developed for shoot of shoots shoots! (mgll) (mgll) rare (%) (after 28 elongation developed explant 
days) (days) (after 80 (after 80 
days) days) 
TI I 0.1 80± 1.78a 7 66 24 , ~ 
T2 1.5 0. 1 73.33±2.57c 8 61 22 S 
T3 I.S 0.2 86.67±4.89b 8 65 26 6 
T4 I. S 0.5 76.67±2.22d 7 65 23 4 
T5 1.5 I 76.67±3.S7d 7 70 23 4 
T6 2 0. 1 70±4.97c 6 70 2 1 , ~ 
T7 2 O.S 63 .33±3.33e 5 69 19 , ~ 
T8 3 0. 1 63 .33±2.S I e S 69 19 3 
Note: Tota l number of exp lants was 30 111 a ll cases. Va lues are expressed as means ± SO 
(n=3); va lues within the co lumn with the same superscript are not significantl y different (P 
<O.OS). 
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Table 6. Shoot regeneration response of Map le variety towards va ri ous concentrati ons and 
combinations of BA P and IAA in MS media. 
No. of Days Tota l We ll 
Shoot bud requirement num ber deve loped 
Treatments BA P IAA Regeneration deve loped for shoot o f shoots shoots/ (mg/ I) (mg/ I) rate (%) (after 28 e longation deve loped ex plant 
days) (days) (after 80 (after 80 
days) days) 
'1' 1 I 0. 1 80±2.27a 8 62 24 4 
'1'2 1.5 0. 1 73 .33±6.57c 9 65 22 4 
'1'3 1.5 0.2 93.33±3.47b 12 65 28 5 
'1'4 1.5 0.5 76.67± 1.45d 10 66 23 4 
T5 1.5 I 76.67± 1.22d 9 60 23 3 
'1'6 2 0. 1 70±3.47e 8 63 2 1 3 
'1'7 2 0.5 63.33±2.59 f 7 66 19 3 
T8 3 0. 1 63.33±3.45 f 7 65 19 2 
" Note: l ota l number of ex plants was 30 In a ll cases . Va lues are ex pressed as means ± SD 
(n=3); va lu es wi th in the co lumn with the same superscript are not s ign ifi cantl y d iFferent (P 
<0.05). 
4.3 ANO VA results of the experiment 
With regard to overa ll varieta l response towa rds a ll the tested hormonal supplements, Mapple 
showed the best response. Highest response achi eved is 93.33 % while lowest is 63 .33 % 
(Fig. II ). Among the treatments '1'3 ( 1.5 mg/ I BA P + 0.2 mg/I IAA) showed the best 
hormona l supplement because a ll th e variet ies showed the best res ponse in thi s medium . 
Therefo re, thi s horm onal combinat ion can be considered as optimum to give genotype 
independent good respo nse. Increase of either BAI' o r IAA supplementa ti on foun d to have 
negative impact of regenerati on. In general treatment '1'6, T7 and T8 fo und to give less 
responsive resu lt which is most of the time less than treatment T I and '1'2, which have very 
less amount o f horm ona l supplements. 
20 
Table 7. Duncan test results on shoot regeneration response of a ll the five variet ies. 
No. of shoot regenerated 
Treatments BAP IAA BARI-3 BINA-3 Bahar Pussa Maple (mg/I) (mg/ I) Rubby 
T I I 0. 1 66.67b± I.2 67.82b± 1.6 76.67b± 1.2 80c±.74 80c± 1.55 
T2 1.5 0. 1 80c±1.3 79.76c± 1.9 80a± 1.63 73.33d±.65 73 .33d± 1.65 
T3 1. 5 0.2 83.33d± 1.9 83.99d± 1. 1 83.33c± 1.61 86.67e± 1.48 93.33e± 1.26 
T4 1.5 0.5 76.67e± 1.6 76. 17e± 1.2 80a± 1.72 76.67b± IA 7 76.67b± 1. 15 
T5 1.5 I 70f±.85 69.93f± 1.74 73.33d± I.91 76.67b± 1.9 1 76.67b±0.42 
T6 2 0. 1 60a±.95 59.62a± I. 77 66.67e± 1.1 5 70f± 1.1 8 70f± 1. 86 
T7 2 0.5 60a± 1.92 60.28a± 1.87 60f± IAI 63.33a± 1.2 1 63.33a± 1.28 
T8 3 0. 1 66.67b± 1.24 67.57b± 1.23 50g± I.3 63.33a± 1.36 63.33a± 1.33 
Note: Va lues are expressed as means ± SD (n=3). Values wIthIn the co lumn with the same 
superscript are not signifi cantl y different (P <0.05). 
From Tab le 7 it is found that BARI-3 variety, growth media T6 (2 mg/ I BAr with 0. 1 mg/I 
IAA) and T7 (2 mg/I BAP with 0.5 mg/I IAA); BINA-3 variety, growth media T6 (2 mg/ I 
BAr with 0. 1 mg/ I IAA); Bahar variety, growth media T8 (3 mg/ I BAr with 0. 1 mg/ I IAA); 
Pussa Rubby variety, growth media T7 (2 mg/I BAP with 0.5 mg/I IAA) and T8 (3 mg/I BAr 
with 0.1 mg/I IAA) and for Maple variety growth media T7 (2 mg/ I BAP with 0.5 mg/I IAA) 
and T8 (3 mg/ I BAr with 0. 1 mg/I IAA) showed the lowest shoot regeneration rate and also 
lowest number of shoot deve lopment (Figs. I I and 12). 
4.4 Effect of different concentrations of IAA and IBA for root induction 
Root formation is one of the essent ial steps to produce plantlets. Regenerated shoots did not 
lo rm root spontaneous ly. Fo r thi s reason, elongated shoots (3-4 cm) were exc ised and 
cultured on root induction medium to produce roots. In the present experiment, half strength 
of MS medium with different concentrations of auxi ns, such as, IAA and IBA, were used for 
in vitro root format ion in a ll five va rieties of tomato. Irrespective of hormonal supplements, 
all cultu red shoot showed rooting response and showed posit ive response towards hea lthy 
root development. Results of these observations are presented in the Tab le 8. In case of IAA 
thin long roots were in iti ated from the cut ends at the base of shoots. While in case of IBA , 
though s imilar type of roots formed in a ll concentrat ions but the root growth in IBA 
supplemen ted media was s low. Among the four combinat ions tested, 0.2 mg/l IAA showed 
best result with increased number of average root for a ll varieties that were used for thi s 
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experiment. A ll the varieties showed good number of roots w ith 0.2 mg/I IAA and BARI-3 
showed the hi ghest average root number among the varieties. Effects of d ifferent auxins in 
the development of roots from regenerated shoots are presented in the (F igs. 13- 16) . 
Days required fo r root initi at ion varied to th e d ifferent types of med ia. The minimum days 
(6-7) required lo r root init iation when the ex plant treated with half MS medium 
supplemented with 0.2 mg/I IAA. It was a lso found that, well develop roots (8- 10 cm 111 
length ) were obse rved in 16-20 days. 
Table 8. Effects of d iffe rent concentrations of aux ins ( IAA , IBA) in half strength of MS ( 1/2 
MS) mcd ium on rooting in BA RI-3 , BINA-3 , Bahar, Pussa Rubby and Maple. 
Concentrations Days Days Average Average 
needed fo r required for Variet ies (mg/t) root root length Root type 
rOOl root 
number (em) 
IAA IBA initiation development 
0.2 - 7-9 16 II 9.4 L 
I3AR I-3 0.5 - 7-8 18 6 9.2 FRS 
-
0.2 8-9 19 8 10.2 TRS 
- 0.5 7-8 16 8 9.5 TRS 
0.2 - 6-7 17 9 10.85 FRS 
0.5 - 6-7 16 6 10.8 L 
I3 INA-3 
- 0.2 7-8 20 8 9.5 LFRS 
- 0.5 6-7 18 5 10 L+ 
0.2 - 5-8 19 8 10.2 FRS 
0.5 - 8-9 17 6 9.5 TRS 
Bahar - 0.2 9- 10 16 7 9.8 L 
- 0.5 7-8 15 6 9.5 L. 
0.2 - 7-8 17 10 8 L 
0.5 - 7-9 18 7 7.6 L' 
PR - 0.2 9- 10 16 7 8.6 LTA P 
- 0.5 7-8 15 5 9.6 FRS 
0.2 - 8-9 18 9 10.5 T RS 
0.5 - 9- 10 18 7 9.8 L. 
Maple 
- 0.2 10- 11 19 8 9.2 L 
- 0.5 8-9 17 8 10.6 LFRS 
-Notc: Good-+, Very Good- ++, L- Long. r RS- Tap Root System, FRS- Fibrous Root 
System. Total number o f· shoots was 30 in a ll cases. 
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4.5 Establis hment and performance of pla ntlets in natura l environment 
Hea lth y and fu ll y deve loped rooted plantl ets of a ll five varieti es were successfull y 
transplanted into plastic pots containing so il. Roots formed in IAA showed better 
survivabi lity in the soi l than IBA where ca ll us or fib rous roots were regenerated. 
Fo ll owing transplantation, surv iva l rate of the regenerated plantlets were fo und to be the 
highest (90%) in Maple variety whi le simi lar result was observed in other varieties. 
Transplanted plant lets in plasti c pots a re shown in Figs . 17- 18. The survived plant lets were 
trans ferred to the field and were found to be establi shed cent percent. The surviva l 
perfo rm ances of plant lets fo ll owing their transpl antation are presen ted in the Tab le 9. 
Table 9. Performances of plant lets of live va ri eties of tomato dur ing transplantation. 
No. of No. of % of No. of plants % of surviva l plantl ets plant let plant lets transferred to rate of plants in Vari eti es transplanted the the fi e ld/ larger 
in plastic survived in survived in li e ld/ larger pots in the 
pot pot pot pots environment 
BARI-3 30 26 87 26 100 
BINA -3 30 24 80 24 100 
PR 30 26 87 26 100 
Bahar 30 26 87 26 100 
L. Map le 30 27 90 27 100 
4.6 Flowering on the regenerated p lants of five tomato varieties in the fie ld 
The transpl anted plants fl owered with in live to seven weeks after trans ferrin g to natural 
environment (Figs . 19-2 I). A II the plants showed 100% fl owerin g response. Flowers 
appeared on the ap ica l meri stem . A II these characteristics are same at the naturall y grown 
tomato fl ower. The data is presented in the Table 10. The minimum time requirement (33 
days) required fo r ilowering on BINA -3 and Bahar variet ies fo ll owed by PR (34 days), 
Map le (36 days) and BARI-3 (38 days). The max imum number o f fl ower (9 per plant) 
observed in BARI-3 and BINA -3 fo ll owed by PR (8 per plant) and Maple (8 per plant) 
variet ies aner 6 wee ks o ld of trans planta ted plant. 
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Ta blc 10. Flowerin g response of regenerated plant lets of the five tomato varieti es. 
No. of plant Days requ ired for No. of Variet ies transferred to 
natura l environment fl owerin g fl owers/plant 
BARI-3 26 38 9 
BINA-3 24 " 9 J J 
I- PR 26 34 8 
Bahar 26 33 6 
Maple 27 36 8 
4.7 Fruiting of regenerated plants of five tomato varieties 
A fter fl owerin g it took almost 2 wee ks to set fruit and another 2-5 weeks to obta in mature 
fruits (Tab le I I) (F igs. 22-26) . A ll the varieties showed 100% fruitin g. Among all the 
vari et ies, BINA-3 and Maple showed lowest average time for fruit settin g. Wh ile Pussa 
Rubby and Bahar showed hi ghest average t ime for fru it maturati on . 
Table 11. Fru iting response of the fi ve tomato varieties in the natural environment. 
Average t ime Average time 
required for 
Varieti es Total number required for fruit 
of plant fhlit settin g 
maturation (Days) (Weeks) 
BAR I-3 26 13- 15 4-8 
BINA-3 24 10-1 5 4-8 
PR 26 13- 15 5-8 
Bahar 26 I 1-15 5-8 
Maple 27 10- 15 4-8 
Fru its vary in diameter from 1.5 to 7.5 cm or more and are usually red , scarlet, or ye ll ow; 
th ey vary in shape from almost spherical through ova l and elongate to pear-shaped according 
to the respective va ri eta l characteri stics . The fruits are soft, succulent berry, conta ining two 
to many ce ll s of sma ll seeds surrounded by jell y like pulp. Among all the varieties, BINA-3 
showed hi ghest number of fruit s (8 per plant) fo llowed by BARJ -3 (7 fruits per plant) and 
Bahar (7 fruit s per plant) (Table 12).The maximum average weight of ripened fruit was 
observed 75 .27 gm in BARI-3 variety followed by BINA-3 ( 65.52 gm). The hi ghest averagc 
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number of seeds per fruit was recorded in BINA-3 (80 seeds per fruit) fol lowed by BAR I-3 
(70 seeds per fruit) and the lowest number of seeds (46 seeds per fruit) was recorded in the 
va riety Bahar, where seed number was half ofthat of the BINA-3 va riety. 
Table J 2. Characte ri st ics of ripened fruits of five tomato varieties 
Va ri et ies Fru its/Plant Average A verage seed Fruit size 
weight (gm) number/Fruit 
BAR I-3 7 75 .27 70 Semi Round 
BfNA-3 8 65.52 80 Semi round 
PR 6 11 .86 63 Round 
Bahar 7 82.8 46 Round 
Maple 6 77.7 62 Heart Shaped 
Note: Average number of fnuts IS 10 for a ll varieties. 
4.8 Villbi li ty of seeds co ll ected from regenerated plants 
After fru it ripen ing, and seeds were co ll ected from frui ts for v iability checkin g. All the fi ve 
vari et ies showed good germ ination e ffici ency duri ng viability checkin g and BINA-3 showed 
hi ghest germinat ion efficiency hav ing 82.5% rate among the vari eties (F ig. 27). The data is 
prese nted in Ta ble 13. 
Table-J3 . Viabil ity response of seeds co llected from ripened fruits of five tomato varieti es 
Va rieties Tota l number of seed No. of seeds % o f seed 
taken for germination germinated germ inat ion 
I3AR I-3 40 32 80 
I3 INA -3 40 33 82.5 
PR 40 32 80 
Bahar 40 3 1 77.5 
Map le 40 30 75 
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Fig-I . 7days old seedlings ofBINA-3 on germination media. 
Fig-2. 7days old seedlings ofBahar on germination media. 
Fig-3 . 7days old seedlings of Puss a Rubby on germination media. 
Fig-4. 7days old seedlings ofBARI-3 on germination media. 
Fig-5. 7days old seedlings of Maple on germination media. 
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Fig.6 Multiple shoot regeneration ofBARl-3 in MS medium containing BAP-I.5 mg/I and 
IAA-0.2 mg/1. Photograph had been taken after 75 days . 
Fig.7. Multiple shoot regeneration of BINA-3 in MS medium containing BAP-I .5 mg/I and 
IAA-0.2 mg/1. Photograph had been taken after 70 days . 
Fig.8.Shoot initiation of Bahar variety in MS medium containing BAP-I .5 mg/l and IAA 0.1 
mgll . Photograph had been taken after 30 days . 
Fig.9. Multiple shoot regeneration of PR in MS medium containing BAP-I .5 mgll and IAA-
0.2 mg/1. Photograph had been taken after 74 days. 
Fig. IO.Multiple shoot regeneration of Maple in MS medium containing BAP-I .5 mgll and 
1AA-0.2 mg/1. Photograph had been taken after 72 days . 
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Fig.l2. Total number of shoot developed of all the five varieties in response to various 
concentrations and combinations ofBAP and IAA in MS medium (after 80 days). 
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Fig.l3 . Comparative picture of root development of all five varieties on 12 MS media 
supplemented with 0.2 mglllAA. Photograph had been taken after 7 days (a =BARI-3, 
b=BlNA-3 , c=Pussa Rubby, d=Bahar, e=Maple). 
Fig.14 . Comparative picture of root development of all five varieties on 12 MS media 
supplemented with 0.2 mgll IBA. Photograph had been taken after 15 days (a =Pussa Rubby, 
b=BARI-3, c=Bahar, d=BlNA-3, e=Maple) . 
Fig. 15 . Comparative picture of root development of aU five varieties on 12 MS media 
supplemented with 0.5 mg/I IBA. Photograph had been taken after 15 days (a =Maple, 
b=Bahar, c=BARI-3, d=BlNA-3, e=Pussa Rubby). 
Fig.16. Comparative picture of root development of all five varieties on y, MS media 
supplemented with 0.5 mg/llAA. Photograph had been taken after 15 days (a =Bahar, 
b=Maple, c=BARI-3, d=BlNA-3, e=Pussa Rubby) . 
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Fig.17. Regenerated plantlets of BARl-3 transplanted into soil in small plastic pots. 
Fig.18. Regenerated plantlets of BINA-3 transplanted into soil in small plastic pots. 
Fig.19. Flowers blossom in Maple plantlets in natural environment. Photograph had been 
taken after 35 days of plantation. 
Fig.20. Flowers blossom in Bahar plantlets in natural environment. Photograph had been 
taken after 38 days of plantation . 
Fig.2l. Flowers blossom in Pussa Rubby plantlets in natural environment. Photograph had 
been taken after 34 days of plantation. 
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Fig.22. Fruit sets on regenerated plantlets of BINA-3 in natural environment. 
Fig.23 . Matured fruits on regenerated Bahar plantlets. 
Fig.24. Matured fruits on regenerated BARI-3 plantlets. 
Fig.25 . Matured fruits on regenerated Maple plantiets. 
Fig.26. Matured fruits on regenerated Maple plantlets. 
Fig.27 . Viability test of seeds collected from regenerated Maple plants . Note that most oftbe 
seeds germinated under test condition. 
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Chapter-5 
DISCUSSION 
Discussion 
The purpose of the in vesti gation was to observe the e ffects of growth regul ators on shoot 
induction and plant regeneration in four Bangladeshi tomato (Lycopersicon esculenlwn Mill.) 
va ri eti es, namely. BIN A-3, BARI-3, Bahar, Maple with an Indian vari ety, name ly, Pussa 
Rubby. 
Tissue culture protoco l which is a prerequi site for genetic transformation, starts with 
se lection o r suitable explants and determination of appropri ate hormonal supplementati on for 
in vilro regenerati on. Regenerati on in diverse vari eties of tomato using vari ous explants, vi z. 
cotyledons. hypocotyls, epicotyls, meri stem, leaf, stems. roots, internodes, peti o le. anthers 
and inflorcscences has been reported (Padmanabhan el al., 1974; Behki el. al .. 1976; Kartha 
el 01., 1976; Ohki el al., 1978; Fray and Earl , 1996; Gubi s el al .. 2003; Raj el al., 2005; 
Islam, 2007; Chowdhury, 2008). Among these explants cotyledonary lea f segments have 
reported to be the most responsive explants for tomato regenerati on in various tomato 
varieties (McCorm ick, 199 1; Fray and Ea rl , 1996; Gub is el 01., 2003 ; Is lam, 2007; 
Chowdhury, 2008). 
During the present study, cotyledonary lea f explants were co ll ected from aseptica ll y grown 
seedlings. MS mcdium was used as basa l media for in vilro regeneration , as it is reported to 
be the most effecti ve media fo r tomato regenerati on (Mi rgish el al., 1995 ; Costa, 2000; Gub is 
el al., 2003; Islam, 2007; Chowdhury, 2008) . 
Cotyledonary leaf ex plants of several verit ies reported to give best in vilro shoot regenerati on 
response when Zeatin was added in addition to IAA in MS media (Costa el 01., 2000; Ahasan 
el al.,2007). Kartha el al. ( 1976) and Sheeja el al. (2004) obta ined plants fro m hypocotyle 
explants us ing another cytokinin , kinetin. These variations in responses towards horm ona l 
supplementati on may be due to variati on in ex plants ti ssue. 
After development of seed lings, cotyledonary leaves were exc ised into several pieces and 
placed on regenerati on med ia for deve lopment of shoots. In thi s stud y, when BA P along with 
IAA were used, shoot ini tiati on was found in a ll fi ve varieties. Among a ll the combinati ons 
1.5 mg/I BA P and 0.2 mg/I IAA showed the best result with lowest ca llus formati on and 
hi ghest number of shoot in a ll vari eti es that were used for thi s experiment. In thi s medium , 
the best response was found fo r Maple (93 .33 %) fo ll owed by Pussa Ruby (86 .67 %) and for 
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other varieti es, such as, BA RI -3 , BI NA-3 and Bahar gave almost similar response to that 
combinati on of the med ium. In a report, Chowdhury (2008) reported that 2.0 mg/I BA P and 
0. 1 mg/ I IAA were fo und to be the best for shoot formati on fo r vari eties BINA-3, BINA-S, 
Bahar and Pussa Rubby, but the response was similar to onl y BA P (2.0 mg/l) 
supplementati on. However, a di fferent report came from Islam (2007) where Img/I BAP and 
0. 1 mg/I IAA were fo und to be the best for shoot fo rmat ion in compare with onl y BAP (O.S -
Smg/ I) supplementati on in BA RI -3 and PRo O n the other hand , .l awahar et 01., ( 1997) 
reported the same hormonal combination to be the best medium fo r ca llus induction. In the 
present study. I .S mg/l BA P and 0.2 mg/l IAA was found to be the best med ium for shoot 
regenerat ion for a ll fi ve tomato va rieti es . 
Ex periments were carri ed out in half strength of MS medium with di ffe rent concentrations of 
au xins to achi eve in vitro root form ati on in a ll fi ve tomato va ri eti es. In the present stud y, 0.2 
mg/l IAA containing y, strength MS media showed best response fo r a ll fi ve tomato varieties, 
such as, BINA-3 , BA RI -3, Bahar, Maple and Pussa Rubby which is similar to the findin gs of 
Chowdhury (2008) . It was a lso observed that 0.2 mg/ I IAA conta ining y, stren gth MS media 
showed diffe rent root types fo r different vari eti es, such as, for BA RI -3 and PR root type was 
long and hea lthy; fo r BI NA-3 and Bahar root type was fibrous root system; and fo r Maple 
root type was tap root system which is a lmost similar to the find ings o f Chowdhury (2008) . 
Though rooting occurs in IAA, IBA and NAA supplemented media, IAA has been reported 
to be more pre ferred rootin g hormone for tomato by many (.l awahar el 01., 1997; Oktem et 
01. , 1999; Costa, 2000; Sheej a el 01. , 2004; Islam, 2007). O ktem el 01. ( 1999) and Costa et al. 
(2000) used IAA in full strength of MS media or med ia with modifi ed MS salts for rootin g 
whi le Sheej a et al. (2004) used IAA in half strength of MS medi a which is similar to the 
present findin gs. Anoth er report from Zagorska et 01. (2004) found rootin g in half MS medi a 
with 0.2mg/ l IBA and 0.5mg/ I GA3. 
Durin g the presen t study, a ll the fi ve vari eties took about four months to develop plantlet 
from the in iti ati on of the culture which SUppOlt the report of Oktem et 01. ( 1999) and 
Chowdhury (2008). Afte r completion of rootin g stage, plantl ets were acclimati zed in natural 
cond ition where they fi owered and got fruits identi ca l to control plants. Seeds were co ll ected 
from mature fruits (after ripening) which were viable durin g germination test. 
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Among all the five varieties, Maple showed best shoot formation and BARI-3 showed best 
average number of roots whi le Chowdhury (2008) found that BINA-3 showed hi ghest shoot 
formation whi le Bahar showed hi ghest number of roots per shoot. Th is variation may occur 
due to the d iffe rence in variet ies and al 0 the difference in the media compos ition. 
The su rvi va l response of a ll variet ies was in between 80 % to 90 %. Among the varieties, 
Map le showed the best survival response which was almost 90 % whil e BINA-3 showed the 
survival response of a lmost 80 % which almost similar to the find ings of Oktem e/ 01. ( 1999) . 
However. a d iffere nt report came from Chowd hury (2008) where BINA-3 showed the best 
survival response. Th is variation may occu r due to the d ifference in the variet ies and also 
d ifference in the media compos ition. Among a ll the variet ies, BINA -3 showed hi ghest 
number of frui ts per plant and highest number of seeds per fruit whi ch support the findin gs of 
Islam (2007). Viabi lity response of a ll the fi ve variet ies was in between 75 % to 82.5%. 
Among the variet ies, BINA-3 showed th e best viabi lity response (82.5 %) wh ich supports the 
find ings of Oktem el 01. ( 1999) . 
Finall y, for a ll the five variet ies, 1.5 mg/l BAP with 0.2 mg/I IAA conta ining MS med ia is 
best for shoots induction and 0.2 mg/l IAA containing Y, strength MS media showed the best 
response for root format ion. But Chowdhury (2008) worked on four different varieti es, like, 
BINA-3 , BI A-5 , Bahar and Pussa Rubby and found that 2 mg/I BAP and 0.1 mg/I IAA 
were the best for shoot fo rm ation and 0.2 mg/I IAA conta in ing y, stren gth MS media for best 
root format ion. 
From the above experiment, it is evident that, thi s study has estab lished in vitro regeneration 
methodology and has proved the effecti veness of various plant growth regulators on all the 
five va riet ies. Thi s study will he lp to carryon further research on these tomato varieties for 
improvement by us ing gene transfe r technology. 
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Appendix 
Murashige and Skoog (MS) media (1962) 
Constituents Concentrations(mg/l) 
Macronutrients 
KN03 1900 
NH4N03 1650 
KH2P04 170 
CaCI2.21-1 20 440 
MgS04 370 
M icronutricnts 
FeS04, 71-120 27.80 
Na2. EDTA 37.30 
MnS04,41-12O 22.30 
1-13803 6.20 
ZnS04, 41-1 20 8.60 
Na2Mo04. 21-120 0.25 
KI 0.83 
CUS04, 51-120 0.025 
CoCh. 61-120 0.025 
Vitamins 
Glycine 2 
Nicotin ic ac id 0.50 
Pyridoxine-HCI 0.50 
Thiami nc-HCI 0. 10 
Inosito l 100 
Sucrose 30,000 
